, was isolated from surface water of the southern North Sea. Comparison of 16S rRNA gene sequences revealed that strain SB1
T is affiliated to the genus Octadecabacter within the marine Roseobacter clade (family Rhodobacteraceae), with Octadecabacter antarcticus as the closest described species (98.2 % sequence similarity to the type strain). DNA-DNA hybridization indicated that SB1
T represents a distinct species within this genus. On marine agar, strain SB1 T formed beige, circular and convex colonies. Cells were irregular, motile rods. Growth occurred between 4 and 25 8C and was optimal at 20 8C, and at pH 7-9 (optimum pH 7.5-8.5) and NaCl concentrations between 1 and 6 % (optimum 2-4 %). The DNA G+C content of SB1 T was 54.7 mol%. The fatty acids (.1 %) comprised 10 : 0 3-OH, 12 : 1 3- OH, 16 : 1v7c, 16 : 0, 18 : 2v7, 12, 18 : 1v7c, 1v7c. The sole respiratory lipoquinone was ubiquinone Q-10 and the polar lipid pattern indicated the presence of the phospholipids phosphatidylglycerol and phosphatidylcholine, as well as unidentified aminolipid AL1, phospholipids PL1 and PL3 and lipids L1, L2 and L4. On the basis of phylogenetic and phenotypic differences, strain SB1 T represents a novel species in the genus Octadecabacter, for which we propose the name Octadecabacter temperatus sp. nov. The type strain is SB1 The genus Octadecabacter belongs to the Roseobacter clade (family Rhodobacteraceae), a group of exclusively marine bacteria within the Alphaproteobacteria. Members of this clade have been found to be widely distributed in global oceans (Brinkhoff et al., 2008; Buchan et al., 2005) . It was shown that members of the Roseobacter clade can comprise up to 22 % of the pelagic bacterial community in the North Sea (Eilers et al., 2001; Giebel et al., 2011) . Since the initial description of the genus Roseobacter (Shiba, 1991) , numerous novel species and genera have been added to this evolutionarily and ecologically important group of organisms, which has become an interesting testing ground for the taxonomy of members of the class Alphaproteobacteria (Pujalte et al., 2014) . Within the Roseobacter clade, the genus Octadecabacter was created for two species of obligately psychrophilic, gas-vacuole-producing organisms. The type strains, Octadecabacter arcticus 238 T and Octadecabacter antarcticus 307 T , were isolated from polar sea ice of the Arctic and Antarctic, respectively (Gosink et al., 1997) . Characteristic features of these two psychrophilic strains are large amounts of the fatty acid octadecenoic acid (18 : 1), the production of gas vesicles (Gosink et al., 1997) , an unusually large number of transposable elements and a new subgroup of xanthorhodopsins (Vollmers et al., 2013) . Currently, the genus Octadecabacter comprises the three species O. arcticus, O. antarcticus and the recently described mesophilic species Octadecabacter jejudonensis, isolated from the junction between the ocean and a freshwater spring in South Korea (Park & Yoon, 2014) .
Here, we describe another mesophilic isolate, strain SB1 T , isolated from surface water of the southern North Sea. Based on a comprehensive characterization, strain SB1
T is proposed as a member of a novel species within the genus Octadecabacter, Octadecabacter temperatus sp. nov. Re-evaluation of the description of O. jejudonensis (Park & Yoon, 2014) and data from our study suggest the reclassification of O. jejudonensis as the type species of a new genus. Furthermore, we provide emended descriptions of the genus Octadecabacter as well as the species O. arcticus and O. antarcticus.
Strain SB1
T was isolated from a surface water sample collected in the harbour of the island of Helgoland in the North Sea (54.188 N 7.898 E) on 24 September 2010. The strain was isolated by dilution-to-extinction in test tubes with 4.5 ml artificial seawater medium (SWM; Hahnke et al., 2012) . Supplements added after autoclaving were: 1 ml of a sterile-filtered trace element solution l 21 (Zech et al., 2009) , 1 ml of a sterile-filtered multivitamin solution l 21 (Martens et al., 2006) and 10 ml 1 M NaHCO 3 (autoclaved separately). The cultures were inoculated with 0.5 ml seawater and incubated at 15 8C for 4 weeks. Afterwards, aliquots were transferred onto agar plates containing marine broth with 1.5 % agarose and incubated for 2 weeks. Single colonies were picked and restreaked four times for purification. Further cultivation of strain SB1
T was performed using marine broth (MB) after Difco (marine broth 2216) with slight modifications (see Table S1 , available in the online Supplementary Material) or artificial seawater (ASW) according to Zech et al. (2009) Cells grown in the dark were tested for bacteriochlorophyll (BChl) a production as described by Martens et al. (2006) . Presence of pigments was analysed with a Beckmann DU 520 general purpose UV/Vis spectrophotometer measuring absorption in the visible range (300-900 nm). Roseobacter denitrificans DSM 7001
T was used as a positive control.
To determine the temperature optimum, cells were incubated in test tubes with 5 ml MB medium at 4, 10, 15, 18, 20, 22, 25 and 28 8C . All further growth experiments were carried out in ASW incubated at 20 8C if not stated differently. Media were inoculated with 1 % (v/v) cells from a pre-culture grown in ASW with 1 mM glucose.
The pH growth range and optimum was determined in ASW adjusted to pH 5. 5, 6.5, 7, 7.5, 8, 8.5, 9, 9 .5 and 10.5 with NaOH and HCl solutions and sterile filtered. Salinity range and optimum were measured in ASW without NaCl as basal medium. To achieve NaCl concentrations between 0 and 10 % (in increments of 1 %), the appropriate amount of NaCl was dissolved in 50 ml medium and sterile filtered. To analyse Na + requirement, a Na + -free minimal medium was used (Hahnke et al., 2012) with trace elements and vitamins as mentioned above. Before inoculation, cells from the pre-culture were washed twice in ASW without NaCl or in Na + -free minimal medium, respectively.
Requirement for the vitamins biotin (final concentration 0.1 mg l 21 ), thiamine (10), nicotinic acid (10), riboflavin (50), pyridoxamine (50), cyanocobalamin (50) and pantothenic acid (10) was tested in ASW medium, from which one of these vitamins was omitted. Prior to inoculation, cells from the pre-culture were washed twice in ASW without vitamins.
The substrate spectrum of strain SB1
T was determined in test tubes with 5 ml ASW supplemented with single sugars, amino acids and other carbon sources (final concentrations of 1 mM). All substrates are listed in the species description of O. temperatus sp. nov. Before inoculation, cells from the pre-culture were washed twice in ASW without substrate. Growth curves were recorded by measuring OD 600 with a spectrophotometer (Spectronic 70). Growth on single substrates was considered as positive after two transfers and repeated growth in the same medium.
Susceptibility to single antibiotics was determined by adding penicillin G, streptomycin sulfate, chloramphenicol, kanamycin sulfate, spectinomycin, gentamicin or ampicillin (each at final concentrations of 1 and 10 mM) to ASW medium supplemented with 1 mM glucose and monitoring growth at OD 600 . The positive control was a culture of strain SB1
T without antibiotic supplements.
The maximal doubling time was determined by examining growth of strain SB1 T in Erlenmeyer flasks containing 25 ml MB supplemented with a multi-vitamin solution (Martens et al., 2006) under optimal conditions (20 8C, pH 7.5, 2 % salinity, 70 r.p.m.). The OD 600 was measured every 2 h with a Beckmann DU 520 UV/Vis spectrophotometer. Growth rates (m) as well as doubling time (t d 5ln2/m) were calculated by linear regression of semilogarithmic plots of cell density against time.
Cell-wall classification as Gram-positive or Gram-negative was carried out by cell lysis as described by Gregersen (1978) . Exoenzyme activities (hydrolysis of gelatin, starch and Tween 80) were analysed with ASW solidified with 9 % (w/v) gelatin or 1.5 % (w/v) agarose supplemented with 0.2 % (w/v) starch and 1 % (v/v) Tween 80, respectively, based on the methods given in Smibert & Krieg (1994) . Cytochrome oxidase and catalase reaction assays were also performed according to the methods described by Smibert & Krieg (1994) ; R. denitrificans DSM 7001 T was used as the positive control for both assays. Reduction of nitrate was tested in anoxic ASW containing resazurin (0.5 g l
21
). After autoclaving, the medium was reduced by addition of ,1 mg sterile sodium dithionite and filled into serum flasks and the headspace was flushed with N 2 /CO 2 (80/20, v/v). Glucose was added as substrate together with sodium nitrate (final concentration 5 mM) from anoxic stock solutions. Triplicates were inoculated with cells grown in ASW; R. denitrificans DSM 7001
T was used as a positive control. Nitrate concentration was measured using ion chromatography (Sykam Ion Chromatograph S 135).
Possible motility of strain SB1
T was checked by light microscopy (Axio Lab A1; Zeiss) of an exponentially grown culture. Cells from different growth phases, grown in ASW supplemented with glucose (1 mM), were analysed unstained under the transmission electron microscope. Therefore, a drop of a bacterial culture was placed on a copper grid (200 mesh; Plano) for 15 min and the spare medium was drained off with filter paper. After air drying for at least 10 min, the grid was examined by transmission electron microscopy (EM 902A; Zeiss).
The 16S rRNA gene was amplified using the primers 16S-27F and 16S-1492R (Lane, 1991) according to Allgaier et al. (2003) . The PCR product was purified utilizing the peqGOLD Cycle-Pure kit (PEQLAB Biotechnologie) according to the manufacturer's instructions. Sequencing was performed by GATC Biotech AG (Cologne, Germany) and subsequent alignment and phylogenetic analysis were done with the ARB software package (http://www.arbhome.de; Ludwig et al., 2004) . To detect genes coding for subunit M of the photosynthetic reaction centre ( pufM), PCR was carried out using the degenerate primers pufM_uniF and pufM_uniR and cycling conditions as described by Yutin et al. (2005) .
For the analysis of polar lipids, respiratory lipoquinones and fatty acids, cell biomass of strain SB1
T was obtained from cells of the early stationary growth phase, cultivated in MB at 20 8C with shaking with 100 r.p.m. As references, cells of the strains O. arcticus CIP 106732 T and O. antarcticus CIP 106731
T as well as strain SB1 T were grown in MB at 4 8C, with shaking with 100 r.p.m. and harvested in the early stationary phase. Respiratory lipoquinones and polar lipids were extracted from 100 mg freeze-dried cells using the method described by Tindall (1990a, b) . Respiratory lipoquinones were separated into their structural classes (menaquinones, ubiquinones, etc.) by TLC. Bands were eluted and further separated and identified by HPLC, using an RP 18 column (Tindall, 1996) . Polar lipids were separated by two-dimensional chromatography and identified on the basis of their R f values in combination with their reaction with specific staining reagents (Tindall, 1990a, b) . These HPLC-based methods also allow the detection of BChl in the cell extracts. Fatty acid methyl esters were released from 20 mg freeze-dried cells, using methodologies that release only ester-linked fatty acids (M1) or ester-and amidelinked fatty acids (M2) (Labrenz et al., 1998; Strömpl et al., 1999) . Initial identification relied on the use of the MIDI Sherlock system (version 6.1), with fatty acids being initially identified against the TSBA4 database. Where peaks were not identified or not unambiguously identified by the MIDI Sherlock system, peaks were identified using GC-MS as either the methyl esters, the dimethyldisulfide adducts or the 3-pyridylcarbinol ('picolinyl') esters.
Genomic DNA of strain SB1
T was extracted and purified according to Cashion et al. (1977) . The DNA G+C content was determined by measuring deoxyribonucleotides with HPLC (Mesbah et al., 1989; Tamaoka & Komagata, 1984) . Spectroscopic DNA-DNA hybridization was performed as described by De Ley et al. (1970) , under consideration of the modifications from Huss et al. (1983 T (Wayne et al., 1987) . O. jejudonensis SSK2-1 T has 96.5 % 16S rRNA gene sequence similarity to strain SB1
T and can be considered as a member of a different species without the need to provide confirmatory evidence based on DNA-DNA hybridization (Stackebrandt & Goebel, 1994) . The closest related characterized member of another genus is Planktomarina temperata RCA23 T (Giebel et al., 2013) (Fig. 1) , with a sequence similarity of 95.8 %. The DNA G+C content of strain SB1
T was 54.7 mol%. Cells of strain SB1
T did not exhibit BChl a or any other pigments in laboratory cultures. Furthermore, genes coding for the pufM subunit of the bacterial photosynthetic reaction centre were not detected in this strain.
Grown for 7 days on MB agar plates at 20 8C, the colonies of SB1
T were small, beige, circular and convex. Single cells grown in liquid saltwater medium were irregular short rods, 0.5-1.5 mm long and 0.3-0.8 mm wide (Fig. S1 ). Cells were motile and exhibited a polar flagellum as observed by light microscopy and transmission electron microscopy (Fig. S1 ). The cell wall was classified as Gram-negative.
Growth, salinity and pH ranges and optima of strain SB1 T are listed in Table 1 and in the species description. Under optimal conditions in MB, the doubling time of the cells was 4.9 h. Cell growth was supported by a variety of carbon sources, which are listed in the species description. No vitamins were essential; however, a mixture of seven different vitamins (Martens et al., 2006) enhanced cell growth.
The respiratory lipoquinone present in all strains examined, irrespective of their growth temperature, was ubiquinone 10 (Q-10), which is widely distributed in members of the class Alphaproteobacteria. The polar lipids of all strains examined comprised phosphatidylglycerol, phosphatidylcholine, an unidentified aminolipid (labelled AL1 in Fig. 2) , an unidentified phospholipid (PL1 in Fig. 2 ) and an unidentified lipid (L4 in Fig. 2) . The unknown phospholipid (PL3 in Fig. 2 ) was only present in O. antarcticus CIP 106731 T and strain SB1 T , while the unidentified lipid (L3 in Fig. 2 ) and an additional unidentified phospholipid (PL2 in Fig. 2 T and strain SB1 T was detected by mass spectrometry. We are not aware of any other reports of the presence of an 18:2 (6,11) fatty acid. Similarly, the fatty acids identified as 12:1v7 and 14:1v7 are not recorded in the MIDI peak-naming tables commonly used.
At the rank of genus, taxa within the Roseobacter clade have become difficult to define and differentiate largely based on an over-reliance on the 16S rRNA gene as a phylogenetic marker (Breider et al., 2014) . Because of the high degree of 16S rRNA gene sequence similarity between strains within the Roseobacter clade, absolute topology is often hard to determine, and may alter based on the number and selection of 16S rRNA gene sequences included as well as the exact nature of the alignment used. This problem is highlighted not only in a number of papers dealing with the taxonomy of members of the Roseobacter clade (Martens et al., 2006; Breider et al., 2014) but also in the work presented here. The emended description of the genus Octadecabacter provided by Park & Yoon (2014) lists very few properties that would allow the unambiguous distinction of members of the genus Octadecabacter from other members of the Roseobacter clade. The respiratory lipoquinone Q-10, the major fatty acid 18:1v7c and the phospholipid phosphatidylglycerol are universally present in members of the Roseobacter clade, and thus do not serve to distinguish them. The situation is different if one takes a more detailed evaluation of the fatty acid and polar lipid data into consideration. This principle has essentially been followed by Martens et al. (2006) and Breider et al. (2014) and is implemented here.
Compared to the type strains of O. arcticus, O. antarcticus and O. jejudonensis, SB1 T shows distinct differences in the temperature range and optimum, requirement for vitamins and utilization of substrates (Table 1) and chemotaxonomic characteristics (Fig. 2, Table 2 ). Because of these unique features, together with differences at the 16S rRNA gene sequence level and results obtained from DNA-DNA hybridization experiments, our data support the classification of strain SB1
T as a member of a novel species within the genus Octadecabacter, for which the name Octadecabacter temperatus sp. nov. is proposed.
The fatty acid and polar lipid profiles of O. jejudonensis show very distinctive patterns compared to those of O. arcticus, O. antarcticus and strain SB1
T . O. jejudonensis contains only phosphatidylglycerol, phosphatidylcholine, an unidentified aminolipid (labelled AL in Fig. 2 of Park & Yoon, 2014) and an unidentified phospholipid (labelled PL1 in Fig. 2 of Park & Yoon, 2014) . The R f values of the two unidentified lipids correspond with those labelled AL1 and PL1 in our Fig. 2 , respectively. In addition, O. jejudonensis does not produce the fatty acids 10:0 3-OH and 16:1v7, which are present in the other species of the genus Octadecabacter. Furthermore, there are also distinct phenotypic differences between O. jejudonensis and the other three species, e.g. in pigmentation, temperature range, capacity for nitrate reduction and hydrolysis of starch. On the basis of these results, we suggest the reclassification of O. jejudonensis as the type species of a novel genus, Pseudooctadecabacter gen. nov., as Pseudooctadecabacter jejudonensis (Park and Yoon 2014) comb. nov.
Emended description of the genus Octadecabacter Gosink et al. 1998 emend. Park and Yoon 2014
The genus description is as given by Gosink et al. (1997) with the following amendments. The polar lipids comprise the identified phospholipids phosphatidylglycerol and phosphatidylcholine, as well as the unidentified aminolipid AL1, phospholipid PL1 and lipids L1 and L4, the R f values of which can be deduced from the images of the TLC plates (Fig. 2) . The major respiratory lipoquinone is Q-10. The fatty acids comprise 10:0 3-OH, 16:1v7c, 16:0, 18:1v7c and 11-methyl 18:1v7c. The G+C content of chromosomal DNA is 54.7-57 mol%. The genus currently contains three species, Octadecabacter arcticus (the type species), Octadecabacter antarcticus and Octadecabacter temperatus. Gosink et al. 1998 The sole respiratory lipoquinone is Q-10. The polar lipids comprise the identified phospholipids phosphatidylglycerol 
Emended description of Octadecabacter arcticus

SB1
T grown at 20 8C (c) and 4 8C (d). Chromatograms were run as described in the text, the first dimension (horizontal, from left to right) in chloroform/methanol/water (65:25:4, by vol.) and the second dimension (vertically, from top to bottom) in chloroform/methanol/acetic acid/water (80:12:15:4, by vol.) . Total lipids were visualized using 5 % ethanolic molybdophosphoric acid. Specific stain reagents were used, as described in the text, for the detection of functional groups. PC, Phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PL1-PL3, unidentified phospholipids; AL1, aminolipid; L1-L4, lipids that did not react in a specific fashion with the spray reagents and remain to be characterized. Park & Yoon (2014) . M1 and M2 refer to the methods of differential hydrolysis (see text) which distinguish between ester-and amide-linked fatty acids. M3 refers to the method used for the reference data (Park & Yoon, 2014 and phosphatidylcholine, as well as the unidentified aminolipid AL1, phospholipids PL1 and PL2 and the lipids L1, L3 and L4, the R f values of which can be deduced from the images of the TLC plates (Fig. 2) . The fatty acids released from whole cells are 10:0 3-OH, 12:1v7, 12:1 3-OH, 14:1v7, 16:1v7c, 16:0, 18:1v7c, 11-methyl 18:1v7c and a 14:1 fatty acid containing an additional oxygen.
Emended description of Octadecabacter antarcticus Gosink et al. 1998 The sole respiratory lipoquinone is Q-10. The polar lipids comprise the identified phospholipids phosphatidylglycerol and phosphatidylcholine, as well as the unidentified aminolipid AL1, phospholipids PL1 and PL3 and the lipids L1, L2 and L4, the R f values of which can be deduced from the images of the TLC plates (Fig. 2) . The fatty acids released from whole cells are 10:0 3- OH, 12:1v7, 14:1v7, 16:1v7c, 16:0, 18:2v7, 12, 18:1v7c, 1v7c and a 14:1 fatty acid containing an additional oxygen.
Description of Octadecabacter temperatus sp. nov.
Octadecabacter temperatus (tem.pe.ra9tus. L. masc. part. adj. temperatus moderate, referring to the isolation of the type strain from a latitude with moderate temperature).
Shows the following phenotypical characteristics in addition to the characteristics of the genus Octadecabacter. Cells are small motile rods, variable in size (length 0.5-1.5 mm, width 0.3-0.8 mm). Young colonies on MB agar are beige, circular, convex and up to 3 mm in diameter; older colonies get a light brown centre. Cells grow at 4-25 uC, with an optimum at 20 uC. The pH range for growth is between 7 and 9 (optimum pH 7.5-8.5). The optimal NaCl concentration is 2-4%, Na + ions are required and NaCl concentrations v1% and w6% inhibit growth and PL3 and lipids L1, L2 and L4, the R f values of which can be deduced from the images of the TLC plates (Fig. 2) . The fatty acids released from whole cells are 10:0 3-OH, 12:1 3- OH, 16:1v7c, 16:0, 18:2v7, 12, 18:1v7c, The type strain SB1 T (5DSM 26878 T 5LMG 27946 T ) was isolated from a North Sea surface water sample near Helgoland harbour. The DNA G+C content of the type strain is 54.7 mol%.
Description of Pseudooctadecabacter gen. nov.
Pseudooctadecabacter (Pseu9do.oc9ta.de.ca.bac9ter. Gr. pseudês false; N.L. masc. n. Octadecabacter a bacterial genus; N.L. masc. n. Pseudooctadecabacter false Octadecabacter).
Cells are Gram-stain-negative and are not motile. Strictly aerobic. Catalase-and oxidase-positive. The sole respiratory lipoquinone is Q-10. The polar lipids comprise the identified phospholipids phosphatidylglycerol and phosphatidylcholine, as well as the unidentified aminolipid AL, phospholipids PL1, PL2 and PL3 and lipids L1, L2 and L3, the R f values of which can be deduced from the images of the TLC plates ( The properties of the taxon are as given by Park & Yoon (2014) for the species Octadecabacter jejudonensis. The type strain is SSK2-1 T (5KCTC 32535 T 5CECT 8397 T ).
